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▼When a complex mixture of DNA is appropriately la-
belled and hybridized in situ to chromosomes or chromo-
some regions from which it was derived, the hybridization
can be detected as a compact series of signals evenly dis-
tributed throughout the entire region. The chromosome
is in effect ‘painted’ by the DNA probe. Chromosome-
specific paint probes are nowwidely used both in diagnostic
and academic laboratories in the identification of complex
chromosome rearrangements which cannot be interpreted
by conventional cytogenetic analysis. The chromosome
paint probes used initially were derived from chromosome-
specific genomic phage and plasmid libraries (Ref. 1) and
an essential step in the published method was to prevent
excessive background signals by blocking repetitive DNA in
the probe by prehybridization with unlabelled competitor
DNA (Ref. 2, 3). It is widely believed that, despite limited
experimental evidence, the use of blocking DNA (e.g. Cot-1
DNA) is essential in order to achieve specific hybridization.
In fact, this claim is the basis of a recent patent.
We report here our experience with chromosome
painting without competitor DNA, using probes de-
rived from flow-sorted chromosomes amplified by de-
generate oligonucleotide-primed PCR (DOP-PCR) (Ref. 4).
Chromosome-specific hybridization equivalent to that ob-
tained using competitor DNA was achieved by reannealing
the denatured paints at 37◦C for 3 h before in situ hybridiza-
tion. Avoiding the use of Cot-1 DNA resulted in a substan-
tial reduction in reagent costs.
Four commercially available biotin-labelled human chro-
mosome painting probes (Cambio; for chromosomes 3, 13,
19 and 21) were used for in situ hybridization to human
chromosomes after reannealing times varying from 20 min
to 24 h without the addition of competitor (Cot-1) DNA.
In situ hybridization was for 24 h at 37◦C. Detection with
avidin−fluorescein isothiocyanate (FITC) or avidin−Cy3
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Table 1. Comparison of hybridization efficiency
(intensity, signal:noise ratio) using painting probes
specific for chromosomes 3, 13, 19 and 21 on
human chromosomes with and without Cot-1
competitor DNAa
Reannealing Cot-1 Hybridization
time Temperature DNA efficiency
20 min 37◦C yes +++
20 min 37◦C no ++
1 h on ice no +
1 h 37◦C no ++
3 h 37◦C no +++
6 h 37◦C no ++
24 h 37◦C no ++
aReannealing for 3 h at 37◦C in the absence of Cot-1 DNA gives
the same hybridization efficiency as hybridization with Cot-1
DNA and reannealing for 20 min.
was according to the protocols of the supplier and the
slides were examined by fluorescence microscopy and digi-
tal imaging. The results were compared for hybridization
efficiency with controls using paints in which 2 µg of
Cot-1 DNA were annealed to 50 ng of labelled probe in
10 µl hybridization buffer for 20 min. After reannealing
for 3 h, the signal:noise ratio and hybridization intensities
were the same in the tests as in the controls (Table 1). Sig-
nificant cross-hybridization was observed only in the het-
erochromatic regions of the short arms of the acrocentric
chromosomes using paint probes from chromosomes 13
and 21, and this was present in both tests and controls. The
results were confirmed by additional experiments using all
24 chromosome paints without Cot-1 and a reannealing
time of 3 h at 37◦C (Fig. 1a, b). We have used the same strat-
egy successfully to map DNA fragments cloned in cosmid
and YAC vectors to their chromosome locations without
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FIGURE 1. Chromosome painting without competitor DNA. All probes were labelled with biotin and detected with either avidin–FITC or avidin–Cy3.
Images were captured with a cooled CCD camera (Photometrics; KAF1400) using Smart Capture software (Digital Scientific). Hybridization of human
chromosome 3 (a) and chromosome 19 (b) probe on human metaphases after reannealing for 3 h at 37◦C. (c) Painting of Chinese hamster chromosome
6 probe to Chinese hamster metaphase; note the cross-hybridization to the C-band-positive heterochromatin of various other chromosomes. In this
case, reannealing for 1 h at 37◦C was sufficient to suppress cross-hybridization in euchromatin. (d) Chinese muntjac (Muntiacus reevesi) chromosome 11
paint hybridized (after reannealing for 1 h at 37◦C) to a subregion on chromosome 2 of the Indian muntjac (M. muntjak vaginalis).
the use of Cot-1 DNA, and more recently have had similar
success with multicolour probes.
Chromosome-specific paints from different mammalian
species including cat, deer and hamster were tested with-
out the addition of species-specific Cot-1 DNA. Most gave
strong and specific signals without competitor DNA after
only 30−60 min reannealing time (Fig. 1c, d). As with
some human paints, cross-hybridization to a few specific
heterochromatic regions could not be suppressed either by
Cot-1 DNA or by increasing the reannealing time (Fig. 1d).
The optimum reannealing time for each species appears
to depend on the amount of interspersed repetitive se-
quences within the genome. The technique is much simpli-
fied by avoiding the requirement for species-specific Cot-1
DNA.
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Products Used
CCD camera: CCD camera from Photometrics
CCD camera: CCD camera from Photometrics
Smart Capture software: Smart Capture software
from Digital Scientific Ltd
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